The objective of this study is trying to solve water pollution problems related to duck house wastewater by developing a novel duck house wastewater treatment technology. A pilot-scale sequencing batch reactor (SBR) system using different hydraulic retention times (HRTs) for treating duck house wastewater was developed and applied in this study. Experimental results showed that removal efficiency of chemical oxygen demand in untreated duck house wastewater was 98.4, 98.4, 87.8, and 72.5% for the different HRTs of 5, 3, 1, and 0.5 d, respectively. In addition, removal efficiency of biochemical oxygen demand in untreated duck house wastewater was 99.6, 99.3, 90.4, and 58.0%, respectively. The pilot-scale SBR system was effective and deemed capable to be applied to treat duck house wastewater. It is feasible to apply an automatic SBR system on site based on the previous case study of the farm-scale automatic SBR systems for piggery wastewater treatment.
INTRODUCTION
By the end of 2017, Taiwan had 2,800 duck farms and a total 8720,000 ducks on farm (i.e., 437,255 breeders, 2017,560 laying ducks, and 6169,880 meat ducks) (COA, 2016) . The production value of the duck industry including the production value of laying ducks, meat duck, and duck egg was 337 million USD and is approximately 6% of all livestock production value (5,513 million USD) in 2016 (COA, 2016) . The majority of laying ducks is the Tsaiya Duck and meat ducks are Pekin Duck, White Muscovy, and Black Muscovy.
Most domestic duck house wastewater is discharged directly into local bodies of surface water without any advanced treatment. This can result in eutrophication and contamination of rivers and reservoirs. Recycling effluent or treated wastewater will be a key point for sustainable livestock farming in the near future. If duck house wastewater could be properly treated and recycled, it would promote the environmental image of duck farming and reduce the cost of production. Domestic data on metabolism of brown Tsaiya duck showed that daily feed intake and excretion was 145.6 g and 273.5 g per duck, respectively, during the laying period (Lin et al., 2011) . In addition, daily feed intake and excretion of 3-way cross mule duck and 2-way cross mule duck were 122.4 vs. 226.2 g and 194.2 vs. 374.5 g, respectively. Some duck farms are integrated fish-duck farming systems; ducks fertilize the pond with their droppings when they are given free range over the pond surface (Tripathi and Sharma, 2000) . It means a large proportion of the excrement is water. However, most duck farms are not integrated fish-duck farming systems. Thus, duck house wastewater is always deposited into freshwater bodies polluting the surface water resources. A sequencing batch reactor (SBR) was successfully developed and applied to a farm-scale piggery wastewater treatment facility. It was introduced to swine industry in 1995 by the research team of Pig Research Institute Taiwan, Animal Technology Institute Taiwan, and National Taiwan University (Su et al., 1997 (Su et al., , 1999 (Su et al., , 2014a . There are 9 commercial and experimental pig farms which have installed this SBR system with automation, including pig farms in National Taiwan University, Taoyuan, Hsinchu, and Miaoli Counties. Consequently, the objective of this study is to develop an economic and technically feasible activated sludge system for treating duck house wastewater properly with automation. Activated sludge system (e.g., SBR) is an aerobic process dealing with the treatment of sewage and industrial wastewaters. Atmospheric air is introduced to a mixture of primary treated or screened sewage (or industrial wastewater) combined with microorganisms to develop a biological floc (i.e., activated sludge) (https://www.iwapublishing.com/news/activatedsludge-process).
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MATERIALS AND METHODS
Preparation of Duck Manure and Wastewater
All brown Tsaiya duck manure was collected from the duck houses of the I-Lan Branch Institute, Livestock Research Institute, Council of Agriculture, Taiwan. Duck house wastewater was prepared by mixing manure and tap water with a ratio of 1:19 (w/v) followed by coarse screening with a stainless steel screen (mesh = 0.5 mm).
Enrichment of Activated Sludge Using Duck House Wastewater
An acrylic cylinder (17.4 cm i.d. × 111 cm height, available volume = 26.4 L) was used to enrich activated sludge for performing further duck house wastewater treatment experiments. Duck house wastewater (20 L) was placed in the cylinder and continuously aerated by 3 sets of air pumps (Azoo 9,500, power = 3 to 6 W, maximum pressure = 0.28 kg/cm 2 , Azoo Co., Taiwan). The concentration of dissolved oxygen (DO) was maintained above 1 mg/L.
The SBR for Treating Duck House Wastewater
The same acrylic cylinder (17.4 cm i.d. × 111 cm height, available volume = 26.4 L) was used as the SBR for performing duck house wastewater treatment experiments. Duck house wastewater was placed in the cylinder and continuously aerated by 3 sets of air pumps (Figure 1 ). The concentration of DO was maintained above 1 mg/L. Untreated duck house wastewater was introduced and discharged daily. The operating mode of the SBR was divided to 5 sequences, fill, react (intermittent aeration), settle, idle, and draw (Table 1 ). The volume of activated sludge in the SBR was maintained from 25 to 40%.
Time Course Experiments of the SBR for Treating Duck House Wastewater
The operating parameters of the SBR are shown in Table 2 . Time course experiments were carried out depending on different hydraulic retention times (HRTs), 0.5, 1, 3, and 5 d. Two types of water samples, influent and effluent, were taken for monitoring and analyzing water quality. The influent samples were taken after adding untreated duck house wastewater into the SBR and aerating for 10 min. The effluent samples were taken in the "Idle stage" and 10 min before discharge. All water samples were taken periodically and analyzed in the laboratory. The DO, sludge volume (SV 30 ), pH, and electrical conductivity (EC) were monitored in the influent and effluent samples.
Analysis of Water Quality
Wastewater samples were analyzed for chemical oxygen demand (COD), biochemical oxygen demand (BOD), and suspended solids (SS) using Standard Methods (APHA, 1995) . Wastewater samples were filtered and the filtrates were analyzed for anions and cations by ion chromatography (or ion-exchange chromatography) (Metrohn ion analysis; Metrohn AG, Switzerland) (Su et al., 2014a) . Electrical conductivity and the pH of water samples were determined by a pH/conductivity meter (ExStik EC500, EXTECH Instrument, FLIR Commercial Systems, USA). Dissolved oxygen of water samples was determined by a DO meter (WalkLAB, Trans Instruments PTE, Ltd., Singapore). Table 3 . Changes of water quality in duck house wastewater by a SBR 1 (n = 11 to 18). activated sludge treatment by an SBR, the COD of effluent was 116, 110, 825, and 2,353 mg/L, respectively. The calculated total COD removal efficiency was 98.4, 98.4, 87.8, and 72.5%, respectively (P < 0.05) ( Table 3) . The biochemical oxygen demand of untreated duck house wastewater under HRT at 5, 3, 1, and 0.5 d were 3,874, 1,997, 2,826, and 3,845 mg/L, respectively. After activated sludge treatment by an SBR, the BOD of effluent was 16, 18, 273, and 1,564 mg/L, respectively. The calculated total BOD removal efficiency was 99.6, 99.3, 90.4, and 58.0%, respectively (P < 0.05) ( Table 3) .
The suspended solids of untreated duck house wastewater under HRT at 5, 3, 1, and 0.5 d were 221, 172, 174, and 91 mg/L, respectively. After activated sludge treatment by a SBR, the SS of effluent was 4, 25, 127, and 34 mg/L, respectively. The calculated total SS removal efficiency was 98.1, 85.4, 31.8, and 62.9%, respectively (P < 0.05) ( Table 3) .
For sets under the HRT at 1, 3, and 5 d, removal efficiency of COD and BOD in duck house wastewater were higher than 88%. Except for HRT = 1 d, removal efficiency of SS for the sets under HRT at 3 and 5 d was higher than 85%. Due to major changes in ambient temperature, sludge bulking in the reactor of duck house wastewater was observed during the experiment period of HRT = 1 d. Sludge bulking resulted in increased SS concentration in the effluent samples and decreased SS removal efficiency. For the set under the HRT = 0.5 d, all removal efficiencies of BOD, COD, and SS were lower than those sets under the HRT at 3 and 5 d. Thus, the optimal HRT of an SBR facility for duck house wastewater treatment should be set on the HRT = 3 d.
The electrical conductivity of untreated duck house wastewater under HRT at 5, 3, 1, and 0.5 d were 1,644, 1,293, 2,240, and 3,036 μS/cm, respectively. After activated sludge treatment by an SBR, the EC of effluent was 1,132, 878, 1,082, and 2,854 μS/cm, respectively. Total removal efficiency was 31.2, 32.2, 19.7, and 6.1%, respectively (P < 0.05) ( Table 3) . The results suggested that the EC removal efficiency by an SBR for duck house wastewater treatment is limited to approximately 30% under the HRT at 3 d. Removal efficiency of EC was proportional to the removal efficiency of NH 4 + ( Figure 2 ) and inversely related to that of NO 3
The pH values for untreated duck house wastewater under HRT at 5, 3, 1, and 0.5 d were 7.6, 7.9, 7.2, and 6.9, respectively. After activated sludge treatment by an SBR, the pH values of effluent were 8.1, 8.0, 8.0, and 7.0, respectively (Table 3 ). The results implied that the pH values of treated duck house wastewater maintain neutral characteristics and meet the EPA's effluent standards. Based on the experimental results, the duck house wastewater can be properly treated by an SBR facility under the HRT at 1 to 3 d depending on the farmland area, when the COD and BOD of the duck house wastewater is between 6,800−8,800 and 2,000−3,900 mg/L, respectively. The key point is that the COD, BOD, and SS of treated duck house wastewater can meet the EPA's effluent standards.
Removal Efficiency of Anions and Cations
The ammonium (NH 4 + ) concentrations of untreated duck house wastewater under HRT at 5, 3, 1, and 0.5 d were 77.2, 90.6, 193.2, and 241.7 mg/L, respectively. After activated sludge treatment by an SBR, the NH 4 + of effluent was 9.1, 3.7, 114.5, and 239.0 mg/L, respectively (P < 0.05). Total NH 4 + removal efficiency was 88.8, 95.9, 42.4, and 2.3%, respectively (P < 0.05) ( Table 4) .
The nitrate (NO 3 − ) concentrations of untreated duck house wastewater under HRT at 5, 3, and 1 d were 20.5, 24.5, and 8.4 mg/L, respectively. After activated sludge treatment by an SBR, the NO 3 − of effluent was 37.8, 74.8, and 9.3 mg/L, respectively (P < 0.05). Total NO 3 − increased 91.2, 203.8, and 10.4%, respectively (P < 0.05) ( Table 5 ). The nitrite (NO 2 − ) concentrations of raw duck house wastewater under HRT at 5, 3, 1, and 0.5 d were not detectable (ND). After activated sludge treatment by an SBR, the NO 2 − of effluent was 19.5, 25.9, and 6.9 mg/L, respectively under HRT at 5, 3, and 1 d (Table 5) . Experimental results implied that ammonium was microbiologically oxidized to nitrate and nitrite by an SBR under aerobic conditions.
The phosphate ion (PO 4 3− ) concentrations of untreated duck house wastewater under HRT at 5, 3, 1, and 0.5 d were 185.9, 183.0, 234.1, and 321.6 mg/L, respectively. After activated sludge treatment by an SBR, the PO 4 3− of effluent was 90.1, 136.2, 89.0, and 230.1 mg/L, respectively (P < 0.05). Total PO 4 3− removal efficiency was 51.1, 23.4, 61.8, and 29.1%, respectively (P < 0.05) ( Table 5 ). Phosphate and ammonium are the major phosphorous and nitrogen sources for activated sludge during duck house wastewater treatment. The calcium ion (Ca 2+ ) concentrations of untreated duck house wastewater under HRT at 5, 3, 1, and 0.5 d were 174.8, 145.1, 183.1, and 284.9 mg/L, respectively. After activated sludge treatment by an SBR, the Ca 2+ of effluent was 124.5, 109.9, 110.3, and 231.9 mg/L, respectively (P < 0.05). Total Ca 2+ removal efficiency was 29.0, 19.5, 38.9, and 17.9%, respectively (P < 0.05) ( Table 4) .
The magnesium ion (Mg 2+ ) concentrations of untreated duck house wastewater under HRT at 5, 3, 1, and 0.5 d were 69.0, 71.6, 60.2, and 76.0 mg/L, respectively. After activated sludge treatment by an SBR, the Mg 2+ of effluent was 51.6, 48.3, 47.3, and 66 .0 mg/L, respectively (P < 0.05). Total Mg 2+ removal efficiency was 25.1, 28.8, 20.7, and 12.6%, respectively (P < 0.05) ( Table 4) .
The potassium ion (K + ) concentrations of untreated duck house wastewater under HRT at 5, 3, 1, and 0.5 d were 154.4, 120.5, 211.3, and 249 .1 mg/L, respectively. After activated sludge treatment by an SBR, the K + of effluent was 142. 4, 110.7, 206.4, and 240 .6 mg/L, respectively (P < 0.05). Total K + removal efficiency was 8.1, 9.1, 2.3, and 3.2%, respectively (P < 0.05) ( Table 4) .
The sodium ion (Na + ) concentrations of untreated duck house wastewater under HRT at 5 and 3 d were 43.4 and 48.4 mg/L, respectively. After activated sludge treatment by an SBR, the Na + of effluent was 36.3 and 40.5 mg/L, respectively. Total Na + removal efficiency was 16.3 and 8.5%, respectively (Table 4) .
The sulfate ion (SO 4 2− ) concentrations of untreated duck house wastewater under HRT at 5 and 3 d were 66.1 and 105.5 mg/L, respectively. After activated sludge treatment by an SBR, the SO 4 2− of effluent was 57.8 and 63.0 mg/L, respectively. Total SO 4 2− removal efficiency was 7.8 and 32.2%, respectively (Table 5) .
The chloride ion (Cl − ) concentrations of raw duck house wastewater under HRT at 5 and 3 d were 80.8 and 77.1 mg/L, respectively. After activated sludge treatment by an SBR, the Cl − of effluent was 77.1 and 69.2 mg/L, respectively. Total Cl − removal efficiency was 4.6 and 8.4%, respectively (Table 5) .
Changes in the anions and cations concentrations in the treated duck house wastewater samples showed that the EC removal efficiency is closely related to the removal efficiency of NH 4 + , PO 4 3− , Ca 2+ , Mg 2+ , K + , and Na + (Figures 2 and 3 ) and increased NO 3 − concentrations (Table 5) . Experimental results showed that removal efficiency of NH 4 + was 89, 96, −2, and 4.6% for HRT at 5, 3, 1, and 0.5 d, respectively (Table 4) .
Increased NO 3 − and NO 2 − concentrations resulted from ammonium oxidation. There was significant removal of phosphate ion from 23 to 62% and increase of nitrate from 10 to 204% among the different HRT sets (Table 5 ). For cations, there was significant removal of sodium ion from 4.6 to 16%, calcium ion from 18 to 39%, and magnesium ion from 13 to 29% among the different HRT sets (Table 4) . 
Removal Efficiency of Major Ions and Their Calculated Conductivity Values
+ in influent and effluent were 0. 95 and 0.99, respectively (APHA, 1995) . 
Recommendations for Farm-scale Duck House Wastewater Treatment System
Due to the lower C/N ratio of duck house wastewater, the sequencing activated sludge system, SBR, was applied to assist duck house wastewater treatment properly. Duck house wastewater can be received in a reservoir ( Duck house wastewater can be pumped into the SBR (HRT ≥ 1 d) daily from the adjustment basin. The effluent can be received in a recycling tank through a simple filtration and disinfection that can be recycled as cleaning water for duck houses (Figure 4) . The solid part of duck house wastewater, duck manure and other residues can be stored in a sludge thickening basin with the excessive sludge from either adjustment basin or SBR. The concentrated sludge mixture can become sludge cake by a sludge dehydrator and then the sludge cake will be transported to the centralized composting houses for producing organic fertilizers. All operation process can be designed and controlled by a programmable logic controller panel for full automation.
Experiments of anaerobic digestion of brown Tsaiya duck's wastewater had been performed by using duck manure and tap water mixture as the target of duck house wastewater (Su and Wang unpublished data) . All wastewater samples were taken and analyzed by a gas chromatography in triplicates periodically. Experimental results showed that gas production rate was about 174 ± 21 mL/d/L-duck house wastewater (n = 30). However, the contents of N 2 , CH 4 , and CO 2 were 12±3, 37±3, and 46±5%, respectively because of lower C/N ratio of duck manure (Tacon, 1990) . The removal efficiency of COD, BOD, and SS of the duck house wastewater was 46.9, 22.5, and 95.6%, respectively. Yet, electrical conductivity of duck house wastewater increased 35.7% after anaerobic digestion. The BOD/COD ratio of untreated duck house wastewater was about 30 to 44% and it might result in lower removal efficiency of COD and BOD. Based on analytical results of duck house wastewater samples, concentrations of most cations and anions increased except sulfate and chloride ions after anaerobic digestion. 
CONCLUSIONS
The duck wastewater was not suitable for anaerobic digestion because of lower C/N ratio of duck manure. The removal efficiency of calculated conductivity value only based on major ion removal after activated sludge treatment seems to be closely related to the removal efficiency of NH 4 + , PO 4 3− , and Mg 2+ in the treated duck house effluent. A farm-scale duck wastewater treatment system was designed and recommended based on the case study of several farm-scale piggery wastewater SBR systems. This study developed an activated sludge system for treating duck house wastewater with automation, which can be extended to duck farming for sustainable operation. 
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